There is a need for stable test standards for many remote sensing applications that can be used both in the laboratory and in rugged test environments. Ideally these standards would be stable over time such that the same standard could be used from year to year for comparison of system performance. While ink-jet and spray gun methods can disperse controlled doses of dissolved analytes, methods to maintain particle size spectral variations are lacking. In addition, standards that are environmentally robust and stable over time are limited. As part of the recent Lighthouse work toward a Hyperspectral Imagery (HSI) proximal handheld sensor, Special Technologies Laboratory (STL) was tasked to do preliminary work toward a rugged, transportable, waterproof target board. This involved developing test standards using minerals of known particle sizes that have spectrally relevant features. Mineral powders were dispersed in binders that did not change their spectral characteristics. These standards were packaged such that they could be transported and used repeatedly. This paper discusses the methodology for developing this preliminary set of targets. Target sizes were limited to the proximal case, and further work is required to finalize the optimum binder and examine other possible appropriate minerals.
INTRODUCTION
There is a need for stable test standards for many remote sensing applications that can be used both in the laboratory and in rugged test environments. Ideally these standards would be stable over time such that the same standard could be used from year to year for comparison of system performance. While ink-jet (Verkouteren, M 2007 , Windsor, E, 2010 and spray gun methods (Yasuda, K 2010) can disperse controlled doses of dissolved analytes, methods to maintain particle size spectral variations are lacking. In addition, environmentally robust and stable over time standards do not exist. Typically, standards are of the material of interest and thus, these are known to change over time. The goal of this project was to do preliminary work toward a rugged, transportable, waterproof target board. When fully developed, these target standards can be used to consistently evaluate various systems and their algorithms over time. Choice of these standards included system and scene variations.
We chose minerals with spectrally significant and interesting features, ideally in the short wave IR (SWIR) and long wave IR (LWIR). These minerals were ground and sieved to different particle sizes. These particles were then attached to metal supports using polyethylene (PE) in the LWIR and sulfur in the SWIR which minimize spectral interferences from the binder. In the future, these minerals can be mixed to create different standards and to further understand particle mixing phenomena.
MINERALS & BINDERS
Samples were ground to different particle sizes and sieved then attached to metal supports using polyethylene (PE) or sulfur to reduce spectral interferences from the binder. This method has the potential to create repeatable target standards and provide a means to study the spectra dependence on particle size at standoff distances. The complete list of minerals for this study is given in Table 1 . 
Grinding and sieving
Minerals were procured from the various sources and then crushed and sieved by Howard Industries. STL calculated that based on particle size, more material would be required of the successively larger particle sizes for complete coverage and were included in the specifications.
A collection of six different mineral salts were supplied to Howard Industries by the Special Technologies Laboratory of the DOE for specified size reduction. Three of the materials (Lepidolite, Peridot, and Talc) were in the form of 1-4 inch rocks, and the other three (Siderite, Calcite, and Jarosite) were in granular or powdered form. The specifications called for size reduction and particle fractionation according to the following size guide:
-250 micron to +125 micron 45% -125 micron to +90 micron 22% -90 micron to +63 micron 16% -63 micron to +45 micron 12% -45 micron 5%
Different amounts of each mineral salt were supplied, so various final amounts from each size fraction were produced. Procedural issues related to difficulties with the screen separation process prevented the collection of certain targeted amounts for several of the materials, and possible contamination by slight wear of the stainless steel milling blade was seen with the Peridot. Two different methods of grinding were used; a rock crusher, a high intensity mill. In addition, two sieving methods were used; U.S. Standard Test sieves and Ro-tap®Sieve Shaker. Based on Moh's hardness values for each of the minerals, slightly different procedures were developed for their subsequent size reduction strategies.
Lepidolite was delivered to the Howard Industries lab as a collection of 1-2 inch rocks of a slight lavender coloration ( Figure 1 ). Total weight of the submitted sample was 3 lbs (1361 grams). According to the literature, lepidolite rates a 2.5-3.0 on the Moh's hardness scale, and as such is a relatively "soft" material. The lepidolite rocks were initially crushed in the rock crusher until the rocks were reduced to less than 0.25 inches in diameter. These smaller pieces were transferred to the high intensity mill, where they were reduced further until all of the material passed through a 250 micron screen.
The size reduction was followed by screening the material through the five test sieves loaded into the Ro-tap® sieve shaker. When all material was sized according to this procedure, the fractions were weighed and compared to the "target" fraction sizes requested. Because the 125-250 micron fraction contained too much material, a portion was reprocessed through the mill for more size reduction. The final results presented in Table 1 are reasonably close to the target values required. It should be noted that the re-processing step did not result in any noticeable wear on the milling blade. Peridot (Olivine) was delivered as a collection of ¼ to ½ inch rocks of a light green coloration. Total weight of the submitted sample was 4.5 lbs. (2080 grams). According to the literature, peridot rates a 6.5-7.0 on the Moh's hardness scale, and as such is a relatively "hard" material. The peridot rocks were initially crushed in the rock crusher until the rocks were reduced to less than 0.25 inches in diameter. These smaller pieces were transferred to the high intensity mill, where they were reduced further until all of the material passed through a 250 micron screen.
The size reduction was followed by screening the material through the five test sieves loaded into the Ro-tap® sieve shaker. When all material was sized according to this procedure, the fractions were weighed and compared to the "target" fraction sizes requested. Because the 125-250 micron fraction contained too much material, as did the lepidolite, a portion was re-processed through the mill for more size reduction. It was noted almost immediately that reprocessing of the 125-250 fraction of the peridot powder caused wear on the mill blade, no doubt due to the hardness of this material vs. the stainless steel blade. This wear translates to slight contamination of the sample which was mixed with the initial sample before the wear was realized. For this reason, further processing of the 125-250 micron was discontinued and the fractions were weighed and recorded. The results presented in Table 3 for peridot show a slightly larger amount of material in the 125-250 micron size range, and slightly less than desired for the smaller ranges. The Jarosite material was delivered as (3)-1 kg jars of a light brown to orange powder that had commercial labeling that indicated it was a 100 micron powder. This sort of labeling normally means that the powder is less than 100 micron particle size, with fractions in the small size ranges also present.
No milling was performed on this material, and it was screened as received on the same sieve stack as the other materials. There was no retention in the 125-250 micron range as predicted, and the 90 micron screen was blinded instantly. Blinding is a result of the material smearing across a screen and plugging the screen openings. This prevented any reasonable separation into the desired fractions at normal screening parameters.
Several alternative screening techniques were attempted, and the only one that showed any resemblance of effectiveness was "screen starvation". In this process, the top screen (the 90 micron screen in this case) was sprinkled with a few grams of the material to be separated so that there was not enough material to blind the entire screen. The result is a small amount of material that makes it through to the smaller size screens, which yield reliable sized fractions. The downside is that the screen that showed the tendency to blind (90 micron) may have trapped some of the smaller particles in the blinded sections, so the 125-90 micron fraction may contain some smaller particles. The goal with this type of screen starvation was to acquire a small amount of the smaller size particles, which was achieved with a minimum amount of 25 grams in each fraction (See Table 4 ). The ferrous carbonate (Siderite) was supplied as a black granular material in (4)-500g amber jars ( Figure 2 ). According to the literature, ferrous carbonate rates a 3.5-4.0 on the Moh's hardness scale, and as such is a moderately "soft" material. The ferrous carbonate was separated using the test sieves right out of the bottles and yielded a decent percentage spread for each of the fractions; however, there was a roughly 625 gram fraction of +250 micron particles.
This oversize fraction was re-processed in the high intensity mill, and when combined with the amounts from the original screening, produced reasonable numbers compared to the target values. The re-processed portions in this case were packaged separately from the un-milled portions to rule out any possible contamination from wear on the milling blade. When examined later, there was no significant wear to the milling blade on account of the ferrous carbonate reprocessing. The results presented in Table 5 show the amounts of each size fraction from the original screening, as well as the additional amounts yielded from the re-processing step. Calcium carbonate was delivered to the Howard Industries lab as a white powder. Total weight of the submitted sample was 8 lbs (3665 grams). According to the literature, calcium carbonate rates a 3.0-3.8 on the Moh's hardness scale, and as such is a moderately "soft" material. Calcium carbonate has a tendency to reduce directly to very small dust particles upon any type of milling operation. The large rocks were placed in the high intensity mill and milled with the lowest rpm blade speed available. The result was a very fine powder that severely blinded the 125 micron screen. Samples collected in the 125-250 micron range likely contain smaller size particles that were trapped in the screen as the material smeared the sieve openings shut. The immediate result of this is a smaller than targeted amount of particles in the 90-125 micron fraction, but as shown in Table 6 , the other size ranges filled in well. Talc was delivered to the Howard Industries lab as a collection of 3-5 inch white rocks ( Figure 3) . Total weight of the submitted sample was 10 lbs (4500 grams). According to the literature, talc rates a 1.0 on the Moh's hardness scale, and as such is an extremely "soft" material. Talc has a tendency to reduce directly to very small dust particles upon any type of milling operations. The large rocks were placed in the high intensity mill and milled with the lowest rpm blade speed available. The result was a very fine powder that severely blinded the 125 micron and 90 micron screens. Samples collected in the 125-250 micron range and also in the 90-125 micron range likely contain smaller size particles that were trapped in the screen as the material smeared the sieve openings shut. Screen starvation was employed as in the jarosite instance, and only small amounts of particles were collected in each size range. The results of this separation are presented in Table 6 . Powders were received from Howard Industries in containers as shown in Figure 4 . 
Targets and Binders
Upon receipt of the powdered materials, methods for permanently attaching them to metal targets with appropriate binders were investigated. A number of specifications for targets were incorporated into their design. These included environmental stability, no top cover, shallow profile, and minimal spectral interference from the binder.
Target support inserts were made from the 3" diameter lid inserts of Ball® mason jars since these have a low profile resembling a shallow dish. These steel inserts were bead-blasted and washed in house to remove the painted logo and then coated with materials and binders. The rubber gasket material on the underside was scraped off with a small, sharp spatula as it was found to burn in the oven. A number of binders were tried, including 2-part epoxy, spray adhesive, Teflon film, sulfur and various chain lengths of polyethylene (PE). The epoxy was very thin and didn't affix sufficient powder to the lid. Spray adhesive was applied in alternating layers of glue/powder/glue. Depending on the number of layers this method resulted in undesired spectral features. Teflon is spectrally neutral in the SWIR because it lacks CH bonds that normally cause overtones. Teflon was difficult to melt and naturally, powders did not adhere sufficiently.
Future work may include processes to allow Teflon to be used since it provides a very durable base. Based on measured spectra, the best two binders were elemental sulfur for the SWIR and PE for the LWIR.
Griebel et al. (ref 3)
described how sulfur can be used as a transparent lens in the SWIR. We obtained elemental sulfur and melted it in the steel lid described above. To prepare the samples, we used a small toaster oven and a larger pizza oven as shown in Figure 5 . Figure 5 . A small pizza oven was used to prepare samples. A temperature probe allowed monitoring of the binder temperature which indicated when the sample was 'done.'
After melting uniformly, the sample was removed from the oven and allowed to cool and solidify. A thin layer of powdered sample was dispersed and flattened. This step was important for sulfur, as added powders can retard crystallization that can lead to unwanted vibrational peaks in the SWIR. The sample was returned to the oven to re-melt the sulfur and bind the powder. Depending on the material, the powder tended to wet and sink into the liquid. Spectroscopically, this had varying effects on the sample spectra depending on the powdered material. We concluded that sulfur showed great promise for the SWIR due to its near complete lack of absorbance across the region, but because it is brittle, it tended to detach from the metal when used as a binder. More work to improve this process is needed to make this target method robust for repeatable field testing.
Since it was clear that any organic binder or glue was going to have covalent bonds which would give unwanted absorbance peaks in the LWIR, we chose the simple polymer PE. Due to the lack of heteroatoms and complex bonding, the LWIR spectra is elegant in its simplicity, conveniently lacking major absorbance peaks across the region. PE is normally processed by melting. Powdered PE was purchased from Alfa in ~1mm particle size and spread evenly on the 3" metal lids. A uniform, flat layer of PE powder was achieved by tapping edges and flattening with a circular weight.
It is important to realize that PE comes in many chemical forms. We found that this low density form from Alfa gave the most robust coating and the best binding properties. Lids and PE powder were placed in the oven and heated to roughly 195C around the point where the white powder turns clear and melts. Once flat, the lids were cooled, covered with a layer of powdered sample, and returned to the oven. A test lid with just PE was included to confirm visual melting. We machined a 1.5cm thick, circular disk of aluminum with a knob that could be used to press the powder evenly into the molten PE. This disk was preheated in the oven along with the samples. After pressing the powder in the PE, the samples were cooled and tapped on the side to remove unbound powder. To complete these targets, the inserts were placed in magnetic canisters that had covers allowing transporting of the targets without damage. Four sample targets without the protective covers are shown in Figure 6 . 
INSTRUMENTAL ANALYSIS & RESULTS
The main focus of the measurements was to qualify the spectra of the six materials in the long wave IR (LWIR) region (1250cm-1 -800cm-1, 8-12.5 µm) and the short wave IR (SWIR) region (1-2.5 µm) allowing us to identify interesting features in these materials and to verify that the binders did not contribute any spectral interferes. We created a custom fixture to allow measurement of neat powders without spectral interference from any backing material or support. This was achieved by holding the powders between two quartz plates allowing any stray transmitted light to not contribute to the reflectance measurement. For the LWIR spectral region, laboratory FTIR spectra (4000-400cm-1, 2.5-25µ) were collected using a Nicolet Nexus 470 FTIR with a MTEC Photo acoustic (PAS) sample holder/detector shown in Figure  7 . effective particle size, which is an important difference between our method and those done by others. Samples in the form of neat powder, or coupons of powder melted into PE were placed in the sample cup. A flow of ultra-pure He gas was passed over them as the sound transmission medium and to remove water vapor (spectral interferent).
SWIR data were collected initially with the ASD FieldSpec3 shown on the left in Figure 8 . This portable instrument allowed us to take measurements of the samples while we were developing our processes. For the final SWIR measurements, we used the Cary 5000 shown on the right in Figure 8 . Figure 9 shows the LWIR spectra for all six materials on the 1250-800 cm-1 scale. In addition we wanted to demonstrate that the PE binder caused no spectral interference. Figure 10 shows the LWIR region of PE with the full spectrum as an inset. While the main peaks due to C-H and C-C bonds can be seen in the inset, none fall within the LWIR region. This is a very unique property of this material since the LWIR is often referred to as the "fingerprint region" due to the busy variety of molecular vibrations normally occurring here. Figure 11 and Figure 12 show the spectral response of mineral powders affixed to the once-molten surface of the PE binder compared to the raw powders. The thinner layer of powder on the binder results in a lower photoacousitic signal than from the bulk, neat powder. Note that the spectrum remains unchanged. Also, the effect of particle size on the LWIR spectra can be seen in these same figures. Each spectrum compares the smallest and largest particle sizes obtained through the grinding procedure. As stated earlier, not all particle sizes could be obtained due to the nature of the materials and in the case of Jarosite, the small initial particle size. In each, the trend is for the photo acoustic FTIR signal to increase as particle size decreases (ref 5). There are a couple reasons for this behavior. When a laser hits a particle, it is absorbed or reflected by the particle. Both specular and diffuse reflectance can play a role, but specular reflectance decreases with particle size, thus increasing the apparent absorbance. With increase absorbance, the photoacoustic signal also increases. Another possible factor is the efficiency of the heat transfer. When the surface area/volume ratio increases, the photoacoustic signal increases. This ratio increases with decreasing particle size (ref 6). Figure 13 shows the SWIR spectra for all six materials from 900-2500nm.
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Lepidolite Peridot Jarosite Siderite Figure 13 . Stack plot of SWIR spectra for five compounds. All spectra are for neat, 45-63µm particles.
For the SWIR, sulfur provided a binder that did not modify the spectral shape of the minerals. Two cases with interesting features in the SWIR are shown in Figure 14and The spectral shape of the curves in sulfur in the SWIR remains stable. The PE adds an unwanted feature about 1750 nm. Figure 15 also shows data for the same calcite sample in sulfur about 9 months apart. Over this period the spectra appear to be relatively stable. More work is needed to accurately quantify the stability of these targets.
CONCLUSIONS
We developed a methodology for creating target standards that retain particle size spectral variations, are transportable and have the potential to provide repeatable spectra over many years. Packaging of small targets into canisters for transporting and storage should improve the longevity of these standards. When finalized, these standards can be used for testing of sensors and algorithms under repeatable conditions. This method included binders that do not contribute to the spectra and retain the effects of particle size. Spectral contributions for PE in the LWIR were negligible and the PE is an extremely durable material. For the SWIR, spectral contributions from the sulfur also appear to be negligible, but this material is more brittle than the PE. Additional work is required to improve adhesion (such as additional roughening) to the metal substrate and determine the durability of this binder. Alternatively, investigation into an alternative substrate or binder (such as Teflon) may be warranted.
Initial work with these targets indicates they are physically robust and have the potential to withstand weathering. Further testing is required to quantify these physical parameters. Future work in this area will include weathering testing, investigation of better binders in the SWIR, creation of mixtures for additional spectral features, and larger targets.
